Background and objective: Infectious diarrhea is one of the most common infections and a significant cause of morbidity and mortality in children under 5 years of age. Frequent and irrational use of antibiotics has resulted in increased bacterial resistance. The aim of our study was to determine the culture and sensitivity patterns of antibiotics used for the treatment of diarrhea in children less than 5 years of age in a tertiary care hospital of Karachi, Pakistan. Methodology: This cross sectional study was conducted for a period of six months in the children of ages ranging between 6 months and 5 years. Stool samples were obtained from the patients presented with signs and symptoms of diarrhea in OPD or being referred to microbiology department for stool C/S (culture and sensitivity). Data were analyzed on SPSS version 19.0. Results: A total number of 325 stool samples were collected, out of which 152 samples were positive for pathogens. The most common pathogen isolated was E. coli 92 (60%), followed by Klebsiella 56 (37%) and Salmonella
Introduction
Universally, diarrhea is one of the most common infectious diseases in humans and is one of the major causes of deaths in children. The most vulnerable age group affected by diarrhea is children less than 5 years of age [1] stands as the second leading cause of death among this age group. WHO defined diarrhea as the passage of three or more loose stools in the last 24 hours [2] . According to WHO updated factsheet (2017), approximately 1.7 billion cases of diarrhea were reported among children, out of which 525,000 children died per year worldwide [3] . In the developed world like Germany, every sixth child under the age of 5 years is affected by diarrhea, once or twice a year [4] . Whereas in under developed world; Africa and South East Asia, mortalities due to diarrhea occur in about 78% of children. In our neighboring country, India, approximately 14.6% of children less than 5 years of age group suffered from diarrheal diseases [5] .
On the contrary, the scenario related to pediatric diarrheal diseases in our country, Pakistan is grave evident from various local data, out of every 10, one child died before reaching the age of 5 years [6] . In the same year another study revealed that the total population of children less than 5 years of age is 16.34%, out of which 11.76% suffered from diarrhea [7] . According to Pakistan Demographic and Health Survey conducted in 2013, 53,000 children died due to diarrhea per year [8] .
The fundamental principle of treating bacterial diarrhea includes the use of ORS (oral rehydrating solution) along with zinc supplements which helps in reducing volume and duration of the stools [9] . Nevertheless, bacterial diarrhea in children is treated with antibiotics which include ampicillin, cefixime, ceftriaxone, ceftazidime, amikacin, gentamicin, tetracycline, nalidixic acid, ciprofloxacin, co-trimoxazole, etc. [10] [11] . Nowadays, increased antimicrobials' resistance has been reported worldwide. The consequences of increased resistance of antibiotics can cause the prolonged length of the ailment, increased cost of the treatment, manifestations of complications and even death can occur in some children [12] .
In Pakistan over-the-counter availability, self-medication as well as irrational and repeated use of antibiotics for the treatment of diarrhea has been observed practiced in our clinical setups. Subsequently due to the overuse of antibiotics, pathogens have attained a high level of resistance and have also resulted in the alteration of the normal gut flora; which could become a risk for future serious infections in children [13] [14] . However, only few studies have been documented in Pakistan regarding the evaluation of the resistance patterns of com-
Journal of Clinical Medicine monly used antibiotics for diarrhea. Keeping in view all stated facts related to pediatric diarrhea in our community there is an intense urge to conduct more research work with a specific set of goals in order to assess where we are standing in the era of antibiotics' resistance. The aim of this study was to determine the culture and sensitivity patterns of diarrhea in children less than five years of age group in our clinical set up.
Materials and Methods
This cross-sectional study was conducted in pediatric unit of a tertiary care hospital of Karachi from December 2017 till May 2018, on children of 6 month to 5 years of age. After approval from institutional ethical review committee (ERC) written and informed consents were taken from the patient's parent or guardian.
Patient's parents or guardians were instructed to collect at least 5 grams of feces in a given sterilized stool culture bottle. The children included in the study were selected according to the WHO criteria for acute diarrhea i.e. who had at least four liquid stools during the last 24 hours with the signs and symptoms of dehydration. While the children suffering from malabsorption syndrome, systemic infection, severe acute malnutrition, significant medical abnormalities or those who had recently received antibiotic for their current infection were excluded from the study.
According to inclusion criteria, in our study period stool samples were col- 
Statistical Analysis
For data entry and analysis, SPSS version 19.0 was used. Mean and standard deviations were used to express numerical data (Zone of inhibitions and age without grouping), while frequency and percentages were used for age groups, gender, organisms isolated, sensitivity and resistance patterns of antibiotics etc. To find the association between various pediatric age groups, gender and organisms isolated, chi-square test was used. Comparison of average zone of inhibitions of antibiotics with organisms was done by analysis of variance (ANOVA). A p-value of < 0.05 was considered as statistically significant.
Results
Most (80%) of our study population belonged to low socioeconomic background. During our study period, out of 325 stool samples, 152 samples found to be positive. Majority of the stool samples, 92 (60%) showed E. coli, followed by Klebsiella in 56 (37%), While only 4 (3%) samples were positive for Salmonella as presented in Table 1 and Figure 1 . The frequency of isolates detected in both genders and in various age subgroups of children less than 5 years age are mentioned in table I, which shows that the frequency of various organisms in both genders and in various age subgroups is different but statistically non-significant (p = 0.286) and (p = 0.253) respectively.
Our results displayed that all 152 isolates were highly resistant to majority of standard antibiotics. Overall, the highest resistance of isolates was shown by ampicillin. Whereas, the antibiotics which has shown least resistance are imipenem and amikacin as given in Table 2 .
As shown in Figure 2 and Table 3 , the sensitivity pattern of various antibiotics analyzed for individual organism showed that E. coli was resistant to majority of commonly used antibiotics, highest resistance was shown for ampicillin (93.5%), followed by ceftazidime (80%) and cefotaxime (80%), whereas most sensitive antibiotic for E. coli were found to be amikacin (97.8%) and imipenem (97.8%). For klebsiella most resistant antibiotics was ampicillin (92.9%) and then Amoxicillin-clavulanic acid (82.6%),while most effective antibiotics were imipenem (96.4%), amikacin (92.9%) and gentamycin (92.9%). While Salmonella was isolated only in 4 samples and maximum sensitivity, (100%) was observed for amikacin, gentamycin, ciprofloxacin and levofloxacin.
Discussion
Annually, 1.5 million children lose their lives on account of diarrhea out of the total 10 million deaths in the pediatric age group [3] and it is also regarded as one of the leading causes of morbidity and mortality in children less than 5 years of age throughout the world [15] . diarrhea varied from 29% to 37% [17] . In 2016, WHO statistics of Pakistan stated the prevalence of diarrhea in children is 23% [18] . This is clearly indicating that disease burden of diarrhea is rising in our population with time. Presumably the reason behind rising pattern and higher burden of diarrheal disease among pediatric age group in our country is that the major chunk of our study population comes from the low socioeconomic areas which are directly linked to poor quality of drinking water and hygiene especially hand washing, improper disposal of waste material, lack of health education of mothers, immunization and nutritional status not maintained according to the age. This is quite evident from a report published in 2017 in the most leading and widely read English newspaper Dawn, which highlighted that Pakistan is the seventh worst country in terms of access to basic sanitation, as its 42 percent of the population remains without access to basic sanitation [19] . On the basis of National Nutritional Survey conducted in different parts of the world the frequency of diarrhea in children less than 5 years of age was found to be variable, ranging from 22.3% in Health Action in 2014, revealed that there was no gender predominance related to the frequency of diarrhea among children less than 5 years of age [20] .
Another study conducted in central Iran in 2010, also showed insignificant difference in the frequency of infectious diarrhea between male and female children (p = 0.22) [21] .
In our study, E. coli was the most common pathogen isolated in 92 (60 %) stool samples out of the total 152, followed by the second common organism Klebsiella 56 (37%) and then Salmonella 4 (3%) as shown in Figure 1 . E. coli is the facultative anaerobic gram negative bacillus which belongs to the family of Enterobacteriaceae. It is transmitted through fecal-oral route by using contaminated water and food. It was also detected in the milk given to the infants and young children through feeding bottles which were mishandled by the uneducated mothers especially seen in the children coming from low socioeconomic background [22] . Similarly, E. coli was detected to be the frequent cause of acute infectious diarrhea in the developing countries, Sudan and India Ecuador, Shigella species and Campylobacter jejuni were found to be prevalent, whereas in China, Shigella species were found to be the most common agents for pediatric infectious diarrhea [26] [27].
Our current study showed that the majority of cases of E. coli and klebsiella were found in 13 -24 months of age, subsequently the number of cases decreased in 49 -60 and 37 -48 months of age respectively as shown in table I.
Similar results were presented by Amir Saeed et al. in 2015, which stated, E. coli is the most common causative agent of diarrhea in children under five year of age in Khartoum, Sudan [10] . Another study published in Tanzania 2014, the epidemics of diarrhea is significantly higher in the age groups of 18 -23 months [28] .
Various microorganisms are resistant to multiple antibiotics and hence named as multidrug resistant organisms. In our study the organism which showed the resistance to majority (more than 60%) of the antibiotics is E. coli. The study published in the American Journal of Tropical Medicine and Hygiene stated that Escherichia coli (E. coli) is the most frequently occurring organism in children under 5 years of age and is almost entirely resistant to many antibiotics [29] . As mentioned in Figure 2 and Likewise, Klebsiella has also showed resistance against commonly prescribed antibiotics, amoxicillin, cefuroxime, cefotaxime, ceftriaxone, ampicillin and trimethoprim-sulfmethoxazole. Although in our study, Salmonella was isolated in 4 samples only out of the total 152 but like other two organisms Salmonella has also shown higher resistance for cephalosporins (cefuroxime, ceftriaxone) and trimethoprim-sulfmethoxazole. Surprisingly in comparison to both of the organisms, Salmonella has showed higher resistance to imipenem as well, which is not prescribed routinely and is reserved for infections due to resistant Pseudomonas Aeruginosa [30] . Interestingly the intra group comparison of sensitivity of E. coli, Klebsiella and Salmonella displayed that among all antibiotics, the ZOIs of ceftazidime, aztreonam, ceftriaxone, nalidixic acid, imipenem and cefoperazone/sulbactam were highly significant for all the three organisms as shown in Figure 2 , probably showing the clear difference between ZOIs of sensitive and resistant antibiotics mentioned above for all of the three organisms. Similarly, a recent study published in Feb. 2018, Italy, precisely exposed E. coli strains resistant to ampicillin, cotrimoxazole, chloramphenicol, ceftriaxone, and ceftazidime.
In the same study, Klebsiella species were found resistant to ampicillin, cefotaxime, cefuroxime, co-amoxiclav, mezlocillin, chloramphenicol, gentamicin, and ceftazidime , whereas Salmonella strains were resistant to ampicillin, cephalotin, ceftriaxone, gentamicin, amikacin, trimethoprim-sulfamethoxazole, chloramphenicol, and tetracycline [31] . Despite that Italy is among developed countries and our country, Pakistan is a developing country but the scenario of antibiotics resistance is same in both of the countries, possibly this is due to empirical and extensive use of antibiotics in clinical set-ups of both countries. Our results were also parallel to studies reported in other countries like China, which also approximately demonstrates the comparative outcomes [32] .
In our study most sensitive antibiotic for E. coli and Klebsiella were shown to be aminoglycosides (amikacin and gentamycin) as well as imipenem, while Salmonella showed highest sensitivity (100%) to both aminoglycosides and fluoroquinolones (ciprofloxacin and levofloxacin) but was resistant to imipenem (50%) as shown in Figure 2 and Table 3 . However, the study conducted in India 2016, showed the highest sensitive (100%) antibiotics for E. coli and Klebsiella are ciprofloxacin, norfloxacin and gentamicin [33] . Whereas, the data as observed in Ethiopia 2017 reveals, Salmonella is highly sensitive to ceftriaxone and norfloxacin but resistant to amoxicillin [34] .
In the light of above discussion it is evident that currently majority of com- 
Conclusion
Infectious diarrhea is highly prevalent among children of less than 5 years of age, affecting more commonly male children in our clinical setup. E. coli is responsible for majority of the cases and was found to be highly resistant to many of the standard antibiotics used currently for the treatment of infectious diarrhea in children. Although in comparison, our study displayed that imipenem, fluoroquinolones and gentamycin have better sensitivity profiles but owing to their limited use in pediatric age group, could not be recommended in pediatric diarrhea leaving less treatment options for this age group. This situation is quite grave and can lead to even greater number of morbidity and mortality in this age group on account of diarrhea only.
Recommendations
In order to minimize the resistance, injudicious use of antibiotics should be stopped as well as should not be prescribed empirically for the treatment of all cases of pediatric diarrhea. The decision of giving antibiotics should be based on patient's detailed history, clinical examination and according to the culture and sensitivity reports. Subsequently, this will help in reducing the cost and economic burden due to the overuse of antibiotics on our underprivileged population and will also improve the overall health of children.
The increasing resistance of antibiotics in children requires serious measures and implementations at national and international levels which emphasizes the need to explore other simple, supportive, effective and alternative treatment for resolving the burden of diarrheal diseases in children less than 5 years of age. Furthermore, the use of some antibiotics should be restricted to serious systemic and life-threatening infections in pediatric age group.
